General/ Chemicals and Reagents
All chemicals were purchased from commercial sources and used without further purification unless otherwise noted. Difco Middlebrook 7H10 agar, Middlebrook 7H9 broth, Tryptic soy agar, Tryptic soy broth, MOPS, tris(hydroxymethyl)aminomethane, 2-mercaptoethanol, sucrose and triton-X 100 were purchased from Sigma-Aldrich. OADC enrichment was purchased from Fisher Scientific. Magnesium chloride and potassium chloride were obtained from VWR. RNA Polymerase assay kit (S. aureus and E. coli) was purchased from Profoldin. The kit contained 10x assay buffer, 100x DNA template, 100x NTP mix, 100x S. aureus or E. coli RNA polymerase (RNAP) enzyme and 10x fluorescence dye.
Tetrahydrofuran (THF) was distilled from potassium benzophenone ketyl under an argon atmosphere prior to use. Methylene Chloride (CH 2 Cl 2 ), was distilled from calcium hydride under an Argon atmosphere. All stirring was performed with an internal magnetic stirrer. Reactions were monitored by thin-layer chromatography (TLC) performed with 0.25 mm coated commercial silica gel plates (EMD, Silica Gel 60F 254 ) using UV light for visualization at 254 nm, or developed with ceric ammonium molybdate or anisaldehyde or copper sulfate or ninhydrin solutions by heating on a hot plate. Reactions were also monitored by using SHIMADZU LCMS-2020 with solvents: A: 0.1% formic acid in water, B: acetonitrile. And reactions were also monitored by SHIMADZU prominence HPLC using Phenomenex Kinetex 1.7 XB-C18 100A column (150 x 2.10 mm) and monitoring at 220, 254 nm with solvents: A: water, B: MeOH. Flash chromatography was performed with Whatman silica gel (Purasil 60 Å, 230-400 Mesh). Proton magnetic resonance ( 1 H-NMR) spectral data were recorded on 400, and 500 MHz instruments. Carbon magnetic resonance ( 13 C-NMR) spectral data were recorded on 100 and 125 MHz instruments. For all NMR spectra, chemical shifts (δH, δC) were quoted in parts per million (ppm), and J values were quoted in Hz.
1 H and
13
C NMR spectra were calibrated with residual undeuterated solvent (CDCl 3 : δH =7.26 ppm, δC =77.16ppm; CD 3 CN: δH=1.94ppm, δC =1.32ppm; CD 3 OD: δH =3.31ppm, δC =49.00 ppm; DMSO-d 6 : δH=2.50ppm, δC =39.5ppm; D 2 O: δH=4.79 ppm) as an internal reference. The following abbreviations were used to designate the multiplicities: s=singlet, d=doublet, dd=double doublets, t=triplet, q=quartet, quin=quintet, hept=heptet, m=multiplet, br=broad.
Bacterial strains
The strains used were Mycobacterium smegmatis (ATCC 607) and Mycobacterium tuberculosis H37Rv, H37Rv INHr, H37Rv RFPr, E. coli (ATCC 25019), S. aureus (ATCC 6538D-5), E.faecium (ATCC 349), K. pneumonia (ATCC 8047), and P. aeruginosa (ATCC 27853). . 
6-{Carbamoyl-[5-(2,4-dioxo-3,4-dihydro-2H-pyrimidin-1-yl)-3,4-dimethoxytetrahydro-furan-2-yl]-methoxy}-4,5-dihydroxy-5,6-dihydro-4H-pyran-2-carboxylic acid (2-oxo-azepan-3-yl)-amide (UT-01320, 3)
[α] RNAP from M. smegmatis was prepared as described previously by Burgess and Jendrisak (1975) . M. smegmatis ATCC 607 was cultured to log phase, harvested by centrifugation and washed thrice with 0.9% saline solution. Temperature was then maintained at 4 °C for the rest of the procedure unless mentioned otherwise. Cells were suspended in a lysis buffer (0.05 M Tris, 5% v/v glycerol, 2 mM EDTA, 0.1 mM dithiothreitol, 1 mM 2-mercaptoethanol, 0.233 M NaCl, 130 g/mL lysozyme, 23 g/mL PhCH 2 SO 2 F and 4% w/v sodium deoxycholate) and disrupted by probe sonication on ice (10 cycles of 60s on and 90s off). The resulting suspension was then centrifuged at 8,000 rpm for 45 min at 4 °C. The supernatant was subjected to polyethylenenamine (PEI) fractionation. The supernatant was treated slowly with 10% v/v solution of PEI (pH 7.9) to a final concentration of 0.35%, stirred for 5 min and centrifuged for 15 min at 6000 rpm. Supernatant was discarded. Pellet was suspended in TGED buffer (0.01 M Tris, pH 7.9, 5% v/v glycerol, 0.1 mM EDTA, 0.1 mM dithiothreitol) and 0.5 M NaCl and centrifuged for 15 min at 6000 rpm. Supernatant was discarded and pellet was re suspended in TGED and 1 M NaCl. Centrifuged for 30 min at 6000 rpm. Supernatant was treated with solid ammonium sulfate to 50% saturation, stirred for 20 min and centrifuged for 45 min at 8000 rpm. Pellet was suspended in TGED and was subjected to DNA cellulose chromatography as described in Burgess and Jendrisak. Fractions were pooled and aliquots were stored at -80 °C.
RNA Polymerase assay
The 100x DNA, 100x NTP mix and 10x fluorescence dye was diluted 10 fold with water and the RNAP enzyme was diluted 10 fold with 1x assay buffer. The assay mixture was then prepared in a black 96 well plate by the addition of 15 L water, 3 L of 10x buffer, 3 L of 10x DNA template, 3 L of 10x NTP mix, 3 L of 10x RNA polymerase enzyme (either S. aureus or E. coli) or RNAP from M. smegmatis (obtained as described in the purification process above) and 3 L of inhibitor (Final concentration, 0 -10 M). The total volume of the reaction mixture was kept 30 L and was incubated for 1hr at room temperature. 30 L of the 1x fluorescent dye was added and incubated for another 5 min. The fluorescence intensity was measured at an excitation wavelength of 485 nm and emission wavelength of 528 nm using a Biotek Synergy XT, 96 well plate reader.
Ser/Thr Protein kinase assay
The radiometric PknB kinase assay was carried out in 15L kinase buffer (50 mM HEPES (pH 7.0), 1mM DTT, 0.01% brj35, 5% glycerol, and 2 mM MnCl 2 ) using C with the reaction mixture lacking ATP. The reactions were stopped by heat inactivation and the reaction mixtures were transferred onto P81 paper (phosphocellulose, Whatman). The paper was washed with 1% phosphoric acid, rinsed with acetone and allowed to dry. Radiolabeled spots were analyzed with a PhosphoImager. PknB autophosphorylates two Thr residues of the enzyme, and these can be dephosphorylated by PstP (the cognate phospho-Ser/Thr phosphatase) in M. tuberculosis. Taking advantage of the observed auto phosphorylation, alternatively, we demonstrated that a PknB (and PknA) assay can efficiently be conducted without PknB substrate. Assay of inhibitor molecules against GST-PknB (and GST-PknA) were carried out by autophosphorylation assays using the ADP Quest HS Kinase Assay Kit (contains pyruvate kinase, pyruvate oxidase, horseradish peroxidase, and acetyl dihydroxy phenoxazine (fluorescent dye precursor)). The generated resorufin fluorescence was detected on a standard instrument capable of fluorescence excitation and emission. In both assays, with and without the kinase substrate, IC 50 values were obtained using the Grafit 5 program. IC 50 values obtained for K252a against PknB via the two assay systems exhibited a reasonable correlation.
Dansyl-M-A-P-P-V-A-A-T-Q-E-I-P-I-D-G-K-K-K as

Inhibition of electron transport systems by small molecules (Oxygen consumption assays)
The oxygen consumption by bacterial concentrations greater than 10 8 cfu/mL bacteria is proportional to the concentration of bacteria. Effect of the inhibitor molecule on electron transport by the quantitation of decolorization of methylene blue has been unambiguously demonstrated.
3
MenA Enzyme inhibitory assays (A menaquinone biosynthesis inhibitory assay)
The MenA containing membrane fraction are prepared from M. tuberculosis, M. smegmatis, and S. aureus. In this assay, the MenA product, demethylmenaquinone (DMMK) was quantitated via UV absorbance (DMMK;   325 nm). The reverse phase HPLC conditions for the separation of DMMK-farnesyl from excess amount of DHNA in the assay media were established using a mixture of DHNA and chemically synthesized DMMK. The range of linearity was established by injections of 6 concentrations of S9 DMMK (r ≥ 0.9), and limit of detection was determined to much lower than 5 M concentrations in our HPLC system. The hexanes extracts of the reaction mixtures with inhibitor molecules could readily be analyzed and quantitated. IC 50 values were calculated.
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DNA topoisomerase II -DNA supercoiling assay Bacterial DNA gyrase assay kit was purchased from ProFoldin. The DNA topoisomerase II (Gyrase) assay kit is based on the principle that the supercoiled DNA and relaxed DNA yield different fluorescent intensity when interact with fluorescence dye H19. The relaxed DNA suppresses the fluorescent intensity more than the supercoiled DNA. When the relaxed DNA is converted into its supercoiled form, the fluorescent signal increases. 5 The change of fluorescence intensity is used to measure the supercoiling reaction.
Interaction of UT-01320 with SQ641 and capuramycin.
Checkerboard combinations of SQ641 (MIC = 1.56 g/mL) and UT-01320 (MIC = 1.50 g/mL). 
MIC assays
S11
Log phase bacterial culture A single colony of a bacterial strain (M. smegmatis or M. tuberculosis) was grown on a Difco Middlebrook 7H10 nutrient agar (enriched with OADC). Seed cultures and larger cultures were done in Middlebrook 7H9 broth enriched with OADC. Single colonies of S.aureus, E.faecium, E.coli, K.pneumonia and P.aeruginosa strains were grown on tryptic soy agar, and tryptic soy broth was used for seed cultures and larger cultures of these strains. The flasks were incubated overnight in a shaking incubator at 37 °C with a shaking speed of 200 rpm and cultured to mid-log phase (Optical density -0.5). The optical density was monitored at 600 nm using a 96 well microplate reader.
Determination of Minimum Inhibitory Concentration (MIC).
The inhibitors were dissolved in DMSO, to make a final concentration of 1 mg per 100 L. This concentration was used as the stock solution for all the studies. Stock solution aliquots were stored at 4 °C for the duration of experiments. As described above, bacterial cultures at 0.5 optical density, was treated with serial dilutions of inhibitors in aerobic conditions and incubated at 37 °C for 48 hours and 15 days for M. smegmatis and M. tuberculosis respectively. Incubation time was 24 hours for S.aureus, E.faecium, E.coli, K.pneumonia and P.aeruginosa strains. 20 L of alamar blue was added and incubated on a shaking incubator at 37 °C for 2 h. The lowest concentration at which the color of alamar blue was completely retained as blue was read as the MIC. (Pink = Growth, Blue = No growth) The absorbance measurements were done using a Biotek Synergy XT, 96 well plate reader at 570 nm and 600 nm.
Kill-curve graph
Determination of colony forming units per milliliter. After the treatment of M. tuberculosis with the inhibitors, 10, 100, 1000 and 10,000 fold serial dilutions from each tube were made every day and 20μL from each dilution was plated out on 7H10 agar plates supplemented with OADC enrichment, using a cell spreader. Plates were then incubated for 15 days in a static incubator at 37 o C and colonies were counted for each day.
Preparation of MraY containing Membrane Fraction
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A single colony of a bacterial strain (Mtb H37Rv, Mycobacterium smegmatis ATCC 607 and E. coli ATCC 25019) was grown on Difco Middlebrook 7H10 nutrient agar enriched with OADC and tryptic soy agar, respectively. Seed cultures and larger cultures were done in Middlebrook 7H9 broth enriched with OADC for M. smegmatis and in tryptic soy broth for E. coli. The flasks were incubated overnight in a shaking incubator at 37 °C with a shaking speed of 200 rpm and cultured to mid-log phase (Optical density -0.5). The optical density was monitored at 600 nm using a 96 well microplate reader. The cells were harvested by centrifugation at 4 °C followed by washing with 0.9% saline solution (thrice) through centrifugation and 5 g of pellet was recovered (wet weight). The washed cell pellets were suspended in homogenization buffer (containing 50 mM MOPS of pH = 8, 0.25 M sucrose, 10 mM MgCl 2 and 5 mM 2-Marcaptoethanol) and disrupted by probe sonication on ice (10 cycles of 60s on and 90s off). The resulting suspension was then centrifuged at 1,000 g for 10 min at 4 °C to discard any unbroken cells. The supernatant was centrifuged at 25000 g for 40 min at 4 °C for 3 to 4 times. All pellets from 25000 g spinning were pooled and a second sonication was performed. This lysate was centrifuged once at 25000 g for 1hr and the supernatant was then subjected to
